Introduction
Idiopathic orbital inflammation (IOI) is a non-infectious and nonspecific inflammatory condition in the orbit with no identifiable local or systemic causes. 1 The clinical symptoms of IOI can affect any structure in the orbital region, including the lacrimal gland, eyelid, sclera, extraocular muscle, orbital fat, and optic nerve. 2, 3 Yamagami et al 4 classified IOI into extraocular myositis, dacryoadenitis, optic perineuritis, intraorbital diffuse inflammation, tenonitis/scleritis, and orbital apex inflammation based on the
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nishikawa et al clinical symptoms and imaging findings. Thus, although the clinical feature can vary highly, eye pain is the most common symptom. 5 Anterior segment inflammation of the orbit causes eyelid swelling, ptosis, and injection of the eye. Intraorbital involvement may cause proptosis and diplopia, 2, 3, 6 and intraocular inflammation can sometimes occur via scleral inflammation. 7 On the other hand, orbital cellulitis is an infection of the orbital tissues, including the orbital fat and ocular muscles. Common features of orbital cellulitis are ocular pain, eyelid erythema, eyelid swelling, ophthalmoplegia, and proptosis. 8 It should be noted that these two disorders are different in pathophysiology, and thus require distinct and specific medical management. Systemic steroid is the first-line treatment for cases of IOI, however, immunosuppressants or radiation therapy are needed for recurrent cases. 3, 9 In contrast, cases of orbital cellulitis require treatment with antibiotics, and systemic steroids are generally contraindicated. Thus, a differential diagnosis is very important for the proper management of these two conditions. However, considering the previously mentioned clinical features, IOI and orbital cellulitis share similar clinical features. Although proper imaging is important to distinguish between these two conditions, 10 magnetic resonance imaging (MRI) is not always quickly available. If the diagnosis is confused due to a similarity between these two conditions, orbital cellulitis needs more urgent treatment with systemic antibiotics. Thus, a presence of acute eyelid erythema and edema often prompts physicians to prescribe systemic antibiotics.
Based on the different pathophysiologies (ie, nonspecific inflammation and infection), we hypothesized that the inflammatory biomarkers in the blood may also be different. The purpose of this present study was to determine whether or not inflammatory markers are significantly different enough to distinguish between IOI and orbital cellulitis. Thus, we reviewed the medical charts and selected IOI cases that were initially misdiagnosed as orbital cellulitis. Levels of white blood cell (WBC) and C-reactive protein (CRP) were selected as inflammatory markers, and receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off values.
Subjects and methods
In this study, we reviewed the medical records of the patients .15 years of age with a diagnosis of IOI including orbital pseudo-tumor, dacryoadenitis, and extraocular myositis, who were seen from January 1, 2007 and December 31, 2016 at the Department of Ophthalmology, Osaka Medical College Hospital, Takatsuki, Osaka, Japan. The study was approved by the Ethics Committee of Osaka Medical College. Since this research was retrospective, using already existing information, patient's informed consent was not needed. Instead, information on the research was disclosed to patients and guarantees opportunities for research subjects to refuse to participate. We handle patients' personal information carefully. Each case was anonymized, and an electronic file with a password so that only a specific researcher can log in, was stored in a specific office computer separated from Internet access. In the manuscript submission or conference presentation, personal information were de-identified. Excluded from the study were all cases with possible thyroid eye disease, malignant lymphoma, antineutrophil cytoplasmic antibody-associated disease, IgG4-related disease, and sarcoidosis. A final diagnosis of IOI was verified by the findings of clinical symptoms, computed tomography (CT) and MRI imaging, and clinical outcomes of treatment with systemic corticosteroids.
Of the reviewed medical records, we found 45 cases aged .15 years, with presumed IOI, and in whom blood samples were obtained within 5 days from the onset of subjective symptoms. Of those 45 cases, 15 patients (10 males and 5 females; mean age of 56.9 years; range 38-76 years) presented with acute eyelid erythema and edema with eye pain, and were initially misdiagnosed as orbital cellulitis. Of these 15 cases, intraorbital diffuse inflammation was seen in 1 case. In the other 14 cases, although some overlaps existed, inflammatory lesions were located at the lacrimal glands in 4 cases, at the extra ocular muscles in 5 cases, and at the episcleral regions in 7 cases.
In the present study, the final diagnosis of IOI was basically verified by confirming a lack of response to systemic antibiotics and a good response to systemic steroids.
Orbital cellulitis was also diagnosed based on the findings of clinical symptoms (acute eyelid erythema, edema, eye pain, and proptosis), CT and MRI imaging. Excluded in this study were patients with preseptal cellulitis, in which the infectious lesion was restricted to the anterior portion of the eyelid. There were 17 definite cases with orbital cellulitis (10 males and 7 females, mean age of 58.4 years; range 16-88 years) that were verified by clinical symptoms, CT or MRI imaging findings, and clinical responses to antibiotics. Specifically, although the presence of sinusitis could support the probability of orbital cellulitis, the diagnosis was basically verified by the clinical responses to systemic antibiotics. In all cases, blood samples were obtained within 5 days from the onset of their subjective symptoms.
We analyzed the levels of the WBC and CRP in the blood as inflammatory markers. Moreover, we generated a ROC 
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CRP, idiopathic orbital inflammation and orbital cellulitis curve, and a cut-off value, area under the curve (AUC) value, sensitivity, and specificity were calculated. The ROC curve analysis was done using JMP ® software (SAS Institute Inc., Cary, NC, USA). Data in this study are expressed as mean ± standard error (SE). Student's t-test was used to determine the significance of differences, and a P-value of ,0.05 was considered statistically significant.
In addition, prior to obtaining blood samples, patient profiles were reviewed in regard to the usage of antibiotics or non-steroidal anti-inflammatory drugs (NSAIDs), as well as the presence or absence of obesity and diabetes.
Results
We found representative facial photographs of cases with IOI who presented with eyelid erythema, eyelid edema, and conjunctival hyperemia. Those cases were initially confused with orbital cellulitis in their medical records. Antibiotics were found to not be effective, and their symptoms were quickly resolved by systemic steroids. The 15 cases with IOI analyzed in this study demonstrated similar findings (Figure 1) .
The results are summarized in Figure 2 . The mean ± SE levels of WBC were 6.80±0.70×10³/μL in the patients with IOI, and 8.54±0.91×10³/μL in the patients having orbital cellulitis, and no significant differences were observed (P=0.15, Student's t-test). The WBC levels increased over the normal limits (.8.19×10³/μL) in 3 IOI patients (20%) and 7 orbital cellulitis patients (41%), respectively. Thus, WBC levels remained within the normal limits in 59% of the cases with orbital cellulitis. The area under the ROC curve of WBC was 0.63. The best cut-off value of WBC was estimated at 9.66×10³/μL. Sensitivity was as low as 41%, and specificity was 87%, thus suggesting a poor association with orbital cellulitis.
On the other hand, the mean ± SE levels of CRP were 1.04±0.43 mg/dL in the IOI patients, yet increased significantly to 4.65±1.21 mg/dL in the patients with orbital cellulitis (P=0.01, Student's t-test). The area under the ROC curve of CRP was 0.8. The best cut-off value of CRP was 0.43. Sensitivity was 82%, and specificity was 73%, thus indicating a better association with orbital cellulitis. The positive predictive value was 78%, and the negative predictive value was 79%.
The mean age of each group was similar (IOI group, 56.9 years; orbital cellulitis group, 58.4 years). However, it should be noted that in 3 cases (20.0%) with IOI and 5 cases (29.4%) with orbital cellulitis, antibiotics had already been administered prior to when their blood samples were obtained. NSAIDs were also given in 1 case with IOI and 2 cases with orbital cellulitis before obtaining their blood samples. One patient with IOI and 2 cases with orbital cellulitis were obese (BMI .25%). In addition, 2 cases with IOI and 1 case with orbital cellulitis were diabetic.
Discussion
The most important finding of this study was that normal WBC levels could not exclude the possibility of orbital cellulitis. The levels of WBC were within the normal range Since orbital cellulitis needs urgent treatment with antibiotics to prevent serious complications including visual loss, the use of antibiotics cannot be criticized in some cases without leukocytosis that were later identified as IOI.
On the other hand, the CRP levels were significantly higher in the cases with orbital cellulitis than in the cases with IOI. In addition, since AUC of CRP (0.8) was higher than that of WBC (0.63), higher CRP levels were more associated with orbital cellulitis. The cut-off value of CRP obtained in this study was 0.43, but the level of increase was quite modest compared with the normal limit (ie, 0.25 mg/dL). However, considering the vision-threatening nature of orbital cellulitis, beyond that level can be an indication to prescribe systemic antibiotics.
It should be noted that these findings seem to be contradictory when considering their diagnostic value. Elevated WBC levels usually indicate bacterial infection, while CRP is elevated in both the infection and inflammation. Reportedly, IOI can be caused by viral infection and immune-related abnormalities that may increase CRP levels.
11-14 Thus, we initially thought the WBC level would be a better indicator of orbital cellulitis considering its nature of infectious disease.
Several factors that affect the WBC and CRP levels have been reported. 15, 16 Those include age, bone marrow function, and physical exercise, as well as obesity and diabetic conditions. Perhaps, the WBC level has a wide normal range, and localized infection in the orbit may not be able to elevate WBC levels beyond the normal limits, even though they may exceed individual healthy levels. In addition, antibiotics that were prescribed in 3 cases (20%) with IOI and 5 cases (29.4%) with orbital cellulitis by their previous doctors might have quickly decreased the WBC levels, while the CRP levels tended to remain at higher levels for a longer period of time. Compared to this, NSAIDs that may decrease CRP levels were given in a few cases in each group. However, few cases with IOI or orbital cellulitis are obese or diabetic. These may account for the discrepancy.
It should be noted that this study had several limitations. First, this was a retrospective single-institute study with a small number of subjects. Second, although blood samples were collected within 5 days from the onset of subjective symptoms, antibiotics had already been administered in some cases. Hence, these limitations might have skewed our results. A future prospective study is necessary to confirm the present results, and to also find more useful biomarkers including procalcitonin, 17 higher levels of which are known to indicate sepsis.
Conclusion
Our results suggest that normal WBC levels cannot exclude the possibility of orbital cellulitis. However, quite high levels of sensitivity (82%) and specificity (73%) may support the idea that CRP levels higher than 0.43 can be useful to differentially diagnose cases of orbital cellulitis from IOI. 
